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METHOD OF FORMING TRANSISTORS 
WITH ULTRA-SHORT GATE FEATURE 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This is a Division ofU.S. application Ser. No. 09/808,097, 
?led Mar. 13, 2001, now US. Pat. No. 6,746,906, Which is 
a Division of US. application Ser. No. 09/797,863, ?led 
Mar. 1, 2001, the disclosures of Which are incorporated 
herein by reference for all purposes. 

BACKGROUND OF THE INVENTION 

Technology scaling has been a main driving force behind 
the rapid advancement of the semiconductor industry. As 
part of the scaling efforts, state of the art processes for 
manufacturing smaller and higher performance transistors 
are continuously under development. For example, it is 
desirable to reduce the channel length of a transistor in order 
to increase the current capability of the transistor and to 
make the overall transistor siZe smaller. HoWever, in scaling 
doWn the channel length, such barriers as junction break 
doWn and transistor punch through must ?rst be overcome. 
Junction breakdown occurs When the electric ?eld across a 
reverse biased junction becomes high enough to initiate 
avalanche impact ioniZation generation, resulting in a sharp 
current increase. In MOS technology, the junction break 
doWn voltage can be improved by reducing channel doping 
concentration and/or using lightly doped drain (LDD) and 
double doped drain (DDD) junctions. 

Transistor punch through is de?ned as the drain voltage at 
Which the drain depletion region extends all the Way to that 
of the source region so that the source and drain regions 
become electrically shorted together. The transistor thus 
draWs an undesirably high amount of current, resulting in 
prohibitively high leakage current or even the destruction of 
the transistor. The shorter the channel length is made, the 
loWer is the drain voltage at Which the drain to source punch 
through occurs. This can severely limit the operational 
voltages of integrated circuits. In order to improve punch 
through effects, the channel doping concentration may be 
increased; hoWever, this in turn leads to a loWer junction 
breakdoWn voltage. 
One of the factors in?uencing the extent to Which the 

draWn gate feature or gate line Width can be scaled is the 
amount of the gate overlap With the source/drain (S/D) 
regions that a process can tolerate. Clearly, the smaller the 
overlap, the smaller can the gate feature be made. Achieving 
a small overlap is a di?icult task because of the inherent side 
diffusion of the source and drain regions during S/D implant 
activation and anneal. 

This limitation on scaling of MOS transistors is even 
more pronounced in scaling of non-volatile memory cells. 
This is because such features of the non-volatile memory 
cell as the ?oating gate tunnel oxide and the interpoly 
dielectric layer (e.g., oxide-nitride-oxide (ONO) multilayer) 
are not readily scalable due to quality considerations of these 
insulating materials and the cell charge retention constraints. 
As an example, a simpli?ed conventional process 

sequence for a stack gate ?ash memory cell includes: 
forming a tunnel oxide over a substrate; forming a ?oating 
gate (poly 1) over the tunnel oxide; forming an interpoly 
ONO dielectric composite layer; and forming a control gate 
(poly 2 and tungsten silicide) over the ONO dielectric. In 
modern technologies, the control gate is often formed simul 
taneously With the gates of peripheral (CMOS) transistors, 
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2 
folloWed by cell self-aligned etch (SAE) of poly 1 using poly 
2 as a mask. After formation of the polysilicon stack, a 
re-oxidation thermal cycle is performed. In subsequent 
steps, DDD implanting steps are performed for periphery 
high voltage (HV) NMOS and PMOS transistors, folloWed 
by oxidation and anneal cycles. 

Next, the cell S/D implant (in case of symmetrical S/D 
cells) is performed folloWed by forming oxide spacers along 
the side-Walls of both the cell polysilicon stack the periphery 
transistor gates. The properties and physical characteristics 
of the source and drain regions are dependent on the 
thickness of the screen oxide (i.e., oxide previously depos 
ited covering the substrate surface areas Where the source 
and drain regions are formed) through Which the S/D 
implant is performed, the implant dose and energy, and the 
thermal activation. The room for optimiZing the source and 
drain regions is limited. The S/D implant dose has to be 
su?iciently high to ensure loW source and drain resistance, 
and the implant energy needs to be optimiZed based on the 
screen oxide thickness and the junction vertical depth 
requirements. The above parameters along With the thermal 
budget of S/D activation/anneal determine the extent of the 
overlap betWeen the poly stack and the S/ D regions, and thus 
the minimum e?‘ective channel length. 
As indicated earlier, scaling of the thickness of the tunnel 

oxide and ONO dielectric layers are substantially limited. To 
reduce the gate length Without scaling doWn the tunnel oxide 
and the ONO dielectric layers requires formation of su?i 
ciently deep S/D junctions (e.g., junction depth of 0.07%).1 
pm for gate length of 0.15*0.20 pm) to ensure proper 
functioning of the cell. Su?icient junction depth is needed 
for lowering source/drain resistance, and achieving the 
desired overlap With the gate. The gate overlap should be 
su?icient for proper programming, read e?iciency, and reli 
ability considerations, yet small enough to provide for 
su?icient e?‘ective channel length, especially for very short 
gate feature. As such, the lateral junction depth, and thus the 
overlap betWeen the polysilicon stack and the S/D regions 
are predetermined and limited by the S/D implant and 
thermal activation requirements. 

For draWn gate length of 0.2 pm, and maybe even 0.15 
pm, the effective channel length (Which equals the draWn 
gate length minus the overlaps betWeen the gate and the S/D 
regions) may be su?icient for proper functioning of the cell 
(i.e., Without punch-through and With high enough junction 
breakdoWn voltage BVdss), provided the channel doping is 
properly optimiZed. HoWever, for gate length of about 0.12 
pm and shorter, the effective channel length becomes too 
short, or practically disappears. The cell Will exhibit punch 
through at very loW drain voltage, preventing the cell from 
proper functioning. 
Even highly advanced ?ash technologies With memory 

cell gate length of 0.1 um or shorter, require a drain voltage 
of 35V to ensure su?icient programming speed by channel 
hot electron injection. HoWever, for such small gate features 
and voltage requirements, the above-mentioned adverse 
short channel effects can not be properly addressed only by 
optimiZing the source/drain implant conditions and channel 
doping. 

SUMMARY OF THE INVENTION 

In accordance With the present invention, an off-set spacer 
is introduced in the process steps for manufacturing memory 
cells and transistors and the resulting structures Which 
enables dramatic scaling of the channel length such that high 
performance transistors and memory cell structures With 
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extremely small gate feature and overall siZe that exhibit 
robust program/erase e?iciency and read speed, and enable 
loW operating voltages, can be manufactured. 

In accordance With an embodiment of the invention, 
semiconductor transistors are formed as folloWs. A gate 
electrode is formed over but insulated from a semiconductor 
body region for each of ?rst and second transistors. A DDD 
implant is carried out to from DDD source and DDD drain 
regions in the body region for the ?rst transistor. After the 
DDD implant, off-set spacers are formed along side-Walls of 
the gate electrode of each of the ?rst and second transistors. 
After forming the off-set spacers, a LDD implant is carried 
out to from LDD source and LDD drain regions in the body 
region for the second transistor. After the LDD implant, 
main spacers are formed adjacent the off-set spacers of at 
least the second transistor. After forming the main spacers, 
a source/drain (S/D) implant is carried out to form a highly 
doped region Within each of the DDD drain and source 
regions and the LDD drain and source regions. The highly 
doped regions are of the same conductivity type as and have 
a doping concentration greater than the DDD and LDD 
regions. 

In one embodiment, the extent of an overlap betWeen the 
gate electrode of the second transistor and each of the LDD 
source and LDD drain regions is inversely dependent on a 
thickness of the off-set spacers. Also, a distance betWeen an 
outer edge of each of the LDD source and LDD drain 
regions and an outer edge of the corresponding highly doped 
region Within each of the LDD source and LDD drain 
regions is directly dependent on a thickness of the main 
spacers. 

The folloWing detailed description and the accompanying 
draWings provide a better understanding of the nature and 
advantages of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. lailg shoW cross section vieWs of a MOS tran 
sistor at different processing steps in accordance With an 
exemplary embodiment of the present invention; 

FIGS. 2ai2d shoW cross section vieWs of a channel erase 
non-volatile memory cell at different processing steps in 
accordance With an exemplary embodiment of the present 
invention; 

FIGS. 3ai3d shoW cross section vieWs of a memory cell, 
a loW voltage periphery LDD transistor, and a high voltage 
periphery DDD transistor at different processing steps in 
accordance With an exemplary embodiment of the present 
invention; 

FIGS. 4a and 4b shoW cross section vieWs of a source 
side erase non-volatile memory cell at different processing 
steps in accordance With another exemplary embodiment of 
the present invention; 

FIGS. 5a and 5b shoW cross section vieWs of a source 
side erase non-volatile memory cell at different processing 
steps in accordance With yet another exemplary embodiment 
of the present invention; 

FIG. 6 shoWs a cross section vieW of a non-volatile 
memory cell at a processing step in accordance With another 
exemplary embodiment of the present invention; and 

FIG. 7 shoWs a cross section vieW of a split-gate non 
volatile memory cell at a processing step in accordance With 
another exemplary embodiment of the present invention. 
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4 
DESCRIPTION OF THE SPECIFIC 

EMBODIMENTS 

In accordance With the invention, MOS transistors and 
non-volatile memory cells With ultra-short gate length, e.g., 
0.12 um and shorter, With improved punch-through and 
junction breakdown characteristics, and methods of fabri 
cating the same are obtained. A neW element, called the 
off-set spacer, is introduced in the fabrication process and 
the resulting structures. The off-set spacer serves as an 

additional means for process and device optimization, and 
controlling the effective channel length. The off-set spacer 
can be used in MOS transistor to reduce the extent of overlap 
betWeen the gate and the source/drain (S/D) regions, so that 
the effective channel length is sufficiently increased even for 
extremely small geometry of the gate. Further, the off-set 
spacer alloWs deeper S/D junctions to be formed for the 
same channel length, and thereby reduces source/drain resis 
tance While controlling precisely gate overlap. The off-set 
spacer can be similarly used in memory cells to reduce the 
extent of overlap betWeen the ?oating gate or the select gate 
and the S/D regions, and to form deeper junctions. 

Thus, MOS transistors and non-volatile memory cells 
With extremely small gate feature siZe, Which exhibit high 
program/erase e?iciency and read speed, and enable use of 
loW operating voltages, While eliminating the punch-through 
problem associated With ultra-short channel length devices, 
is obtained. Other features and advantages of the present 
invention Will become apparent from the folloWing descrip 
tion. 

FIGS. lailfshow cross section vieWs of a MOS transistor 
at different processing steps in accordance With an exem 
plary embodiment of the present invention. FIG. 1a shoWs 
a polysilicon gate 130 formed over but insulated from a body 
region 100 according to conventional processing steps. 
Next, an off-set oxide spacer layer 110 is deposited over the 
structure using conventional chemical vapor deposition 
(CVD) techniques, as shoWn in FIG. 1b. Oxide layer 110 is 
then etched using conventional reactive ion etching (REI) 
techniques, to form off-set oxide spacers 110a and 1101) 
along the side-Walls of gate 130, as shoWn in FIG. 10. 

In FIG. 1d, an implant step is carried out to form junction 
regions 120a and 14011. In one embodiment, implant 150 is 
a conventional source/drain (S/D) implant. In conventional 
processes, S/D implant 150 is carried out before forming 
oxide spacers. HoWever, by performing the S/D implant 150 
after forming off-set spacers 110a, 110b, the drain/source to 
gate overlap is reduced, thus increasing the effective channel 
length for the same draWn gate feature. The thickness of the 
off-set spacer can be optimiZed based on device require 
ments and the desired lateral drain/source to gate overlap. 
By using N-type impurities for implant 150, a NMOS 
transistor is formed, and by using P-type impurities for 
implant 150, a PMOS transistor is formed. Conventional 
masking steps are carried out to protect the PMOS regions 
during N-type implant, and vice versa. 

In an alternate embodiment, implant 150 is a double 
doped drain (DDD) implant to form DDD source and drain 
junctions for high voltage transistors. In this embodiment, as 
shoWn in FIG. 1e, a main spacer oxide layer is deposited and 
etched to form main spacers 115a, 1151). A S/D implant 160 
is then carried out to form regions 12019 and 14019 as shoWn 
in FIG. 1]. In this embodiment, N' impurities is used as 
implant 150, and N+ impurities is used as implant 160, to 
form a high voltage NMOS transistor. By implementing the 
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proper masking steps, high voltage PMOS transistors are 
formed by using P- impurities as implant 150 and P+ 
impurities as implant 160. 

In yet another embodiment, implant 150 (FIG. 1d) is a 
lightly doped drain (LDD) implant to form LDD source 
1200 and LDD drain 1400 regions as shoWn in FIG. 1g. 

In another embodiment, off-set spacers are formed, and 
then DDD junctions for high voltage (HV) transistors are 
formed folloWed by forming LDD junctions for loW voltage 
(LV) transistors. Main oxide spacers are then formed fol 
loWed by S/D implant. Forming the main oxide spacers is 
optional and may or may not be employed for LV and/or HV 
MOS transistors depending on device requirements. HoW 
ever, the off-set spacer and main spacer can be advanta 
geously combined. The off-set spacer can be used to obtain 
a longer effective channel length for the same draWn gate 
length in order to improve source/drain punch-through, 
While the main spacer can be used to improve the junction 
breakdown by providing a Wider separation betWeen the 
outer edges of each of the LDD and DDD regions and the 
outer edges of their respective inner regions formed by the 
S/D implant. For example, in FIG. 1], if off-set spacers 110a, 
1101) need to be made thin, then the main oxide spacers can 
be used to ensure that the outer edge of each of the junction 
regions 12% and 14019 are farther from the edges of the 
corresponding junction regions 120a and 14011, thus improv 
ing the junction breakdown. 

Other process sequence permutations can be envisioned 
by one skilled in the art in vieW of the above description. For 
example, in a ?rst permutation, off-set spacers are formed 
before the DDD implant, main spacers are formed betWeen 
the DDD implant and the subsequent LDD implant, and the 
S/D implant is performed after the LDD implant. Using 
FIGS. If and 1g, in the resulting DDD and LDD transistor 
structures, the extent of an overlap betWeen the gate 130 and 
each of the DDD source 120a and DDD drain 140a regions 
is dependent on the thickness of the off-set spacers 110a, 
10b, and the extent of an overlap betWeen the gate 130 and 
each of the LDD source 1200 and LDD drain 1400 regions 
is dependent on the combined thickness of the off-set 110 
and main 115 spacers or to the thickness of only the off-set 
spacers if main spacers are not formed for the LDD tran 
sistor. Also, a distance betWeen an outer edge of each of the 
DDD source 120a and DDD drain 140a regions and an outer 
edge of their corresponding inner regions 120b, 1401) is 
directly dependent (i.e., not inversely) on the thickness of 
the main spacers. 

In a second exemplary permutation, off-set spacers are 
formed before DDD and LDD implant steps, and main 
spacers are formed after the DDD and LDD implant steps 
but before the subsequent S/D implant. Using FIGS. If and 
1g, in the resulting DDD and LDD transistor structures, the 
extent of an overlap betWeen the gate 130 and each of the 
DDD source 120a and DDD drain 140a regions, and the 
extent of an overlap betWeen the gate 130 and each of the 
LDD source 1200 and LDD drain 1400 regions is inversely 
dependent on the thickness of the off-set spacers 110a, 1101). 
Also, a distance betWeen an outer edge of each of the DDD 
source 120a and DDD drain 140a regions and an outer edge 
of their corresponding inner regions 120b, 1401) is directly 
dependent on the thickness of the main spacers 115a, 115b, 
and a distance betWeen an outer edge of each of the LDD 
source 1200 and LDD drain 1400 regions and an outer edge 
of their corresponding inner regions 120b, 1401) is directly 
dependent on the thickness of the main spacers. 

In a third exemplary permutation, off-set spacers are 
formed betWeen the DDD implant and the subsequent LDD 
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6 
implant, and main spacers are formed betWeen the LDD 
implant and the subsequent S/D implant. Using FIGS. If and 
1g, in the resulting DDD and LDD transistor structures, the 
extent of an overlap betWeen the gate 130 and each of the 
LDD source 1200 and LDD drain 1400 regions is inversely 
dependent on a thickness of the off-set spacers 110a, 110b, 
and a distance betWeen an outer edge of each of the DDD 
source 120a and DDD drain 140a regions and an outer edge 
of their corresponding inner regions 120b, 1401) is directly 
dependent on the combined thickness of the off-set 110 and 
main 115 spacers or to the thickness of only the off-set 
spacer if main spacers are not formed for the DDD transistor. 
Also, a distance betWeen an outer edge of each of the LDD 
source 1200 and LDD drain 1400 regions and an outer edge 
of their corresponding inner regions 120b, 1401) is directly 
dependent on the thickness of the main spacers. 

Conventional anneal and oxidation cycles are carried out 
in each of the above embodiments as is Well knoWn in this 
art. Each of the source 120 and drain 140 regions has an 
overlap With gate 130, the extent of Which is dependent on 
the thickness of the off-set spacers 110a, 1101). If a thinner 
off-set oxide layer 110 (FIG. 1b) is deposited, a larger 
overlap is obtained, While a thicker off-set oxide layer Will 
result in a smaller overlap. For many of the present process 
technologies, the range of the thickness of the off-set oxide 
layer may be 100*500 A depending on device channel 
length and its overall optimiZation. The off-set spacer thick 
ness may be reduced to 2(k50 A as technology scaling 
moves to next generation processes. 

To illustrate the process steps for a non-volatile memory 
cell, a ?ash technology that utiliZes the advanced channel 
erase method With symmetrical source and drain regions is 
used. In contrast to the source-side erase (including negative 
gate erase) approaches, the channel erase approach does not 
require the relatively deep DDD source junction, thus alloW 
ing for better scaling of the cell. Also, the source and drain 
regions can be symmetrical and formed by just one S/D 
implant. HoWever, the invention is not limited to memory 
cell structures using channel erase, and can be advanta 
geously applied to other non-volatile memory cells includ 
ing cell structures using source-side erase. 

FIGS. 2ai2d shoW cross section vieWs of a non-volatile 
memory cell at different processing steps in accordance With 
an exemplary embodiment of the present invention. FIG. 2a 
shoWs a polysilicon stack formed according to conventional 
techniques. A tunnel oxide layer 290 overlays a silicon 
substrate 200; ?oating gate 235 overlays tunnel oxide 290; 
a composite ONO dielectric layer 245 overlays ?oating gate 
235; and control gate 265 overlays the ONO dielectric 245. 
An off-set oxide deposition and etch are carried out to 

form off-set oxide spacers 210a, 2101) along the polysilicon 
stack side-Walls as shoWn in FIG. 2b. In one embodiment, 
conventional CVD techniques are used to deposit the off-set 
oxide layer over the structure, and then conventional reac 
tive ion etching (REI) techniques are used to etch the off-set 
oxide layer. The thickness of the off-set oxide layer is 
selected based on the draWn gate length and the desired 
channel length, and process speci?cs. The thickness of the 
off-set spacers may be in the range of, for example, 2(k500 
A. For the example shoWn in FIGS. 2ai2d, the draWn gate 
length is 0.1 pm, and the off-set spacer thickness is around 
250 A. Modem processes can provide spacer thickness as 
thin as 20*30 A With 8*10% ?lm thickness variations. 
As shoWn in FIG. 20, a S/ D implant 260 is performed next 

to form source 220 and drain 240 regions in accordance With 
conventional techniques. N+ impurities may be used to from 
a N-type cell, and P+ impurities may be used to form a 
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P-type cell. Next, a main oxide spacer layer is deposited and 
etched to from main oxide spacers 215a, 2151) adjacent the 
off-set spacers 210a, 210b, as shoWn in FIG. 2d. The 
implanted S/D regions 220, 240 are then subjected to a 
thermal activation cycle. Main oxide spacers 215a, 2151) are 
not necessary, and are included in the cell to eliminate a 
masking layer Which Would otherWise be needed to protect 
the array region during the formation of main oxide spacers 
in loW voltage (LV) LDD and high voltage (HV) DDD 
peripheral transistors. This is discussed in more detail beloW 
Where integration of a ?ash cell process With a CMOS 
process is described. 

The presence of the off-set spacers 210a, 2101) reduces the 
overlap betWeen the ?oating gate and the source/drain 
junctions by approximately the off-set spacer Width, thus 
resulting in a longer effective channel length for the small 
gate feature of 0.1 pm. In the FIG. 2 example, With an oxide 
spacer thickness of about 250 A and draWn gate length of 0.1 
pm, an effective channel length of about 0.06 pm is obtained. 
Simulation results indicate that With proper optimization of 
the channel doping pro?le (e.g., boron Vt implant in the 
range of4.5><l0l3 to 5.5><l013/cm2, S/D implant in the range 
of3><l0l5 to 4><l0l5 at 20*25 keV, a tunnel oxide in the range 
of 80*90 A, and ONO thickness in the range of 11(kl40 A) 
the cell does not exhibit punch-through, With a BVdss of 
4.4*4.5V. This level of BVdss alloWs drain programming 
voltage of 3.5*4.0V, Which ensures high programming e?i 
ciency. 

Also, since the off-set spacer regulates the source/drain to 
gate overlap and consequently the channel length, the S/D 
implant and thermal activation conditions can noW be opti 
mized independently. This provides an added ?exibility in 
obtaining the required junction vertical depth and the desired 
source/drain resistance. 

In another embodiment, after depositing an off-set oxide 
layer, the spacer off-set oxide etch step is delayed or 
completely excluded, so that the subsequent S/D implant is 
carried out through the deposited off-set oxide layer. In this 
embodiment, to obtain the proper junction characteristics, 
the S/D implant energy and dose need to be properly 
adjusted based on the combined thickness of the off-set 
spacer and the screening (residual) oxide present from prior 
processing steps. 

The off-set spacer may also be advantageously used in 
manufacturing other types of non-volatile memory cells. For 
example, in the case of source-side erase, or negative gate 
erase, Wherein the source and drain junctions are asymmetri 
cal, the off-set spacers can be used to improve the band-to 
band tunneling and the junction breakdoWn problems com 
monly encountered at the source side. The band-to-band 
tunneling can adversely impact the cell endurance and 
charge retention. In such cells, the source region is typically 
a DDD junction While the drain region has ordinary char 
acteristics. Because the source region is a DDD junction, the 
junction tends to be deep With relatively large side diffusion. 
The large side diffusion of the source junction results in a 
relatively large overlap betWeen the source and the ?oating 
gate. Thus, the draWn gate length must be made large 
enough to account for such an overlap, Which leads to a 
bigger cell siZe. 

In one embodiment of the source-side erase cell approach 
shoWn in FIGS. 4a and 4b, after formation of the stacked 
gate, off-set spacers 410a, 4101) are formed along the side 
Walls of the stacked gate. Next, using a masking layer 470, 
a source DDD implant 450 is carried out to form a source 
DDD region 42011. A conventional S/D implant 460 is then 
carried out, folloWed by thermal activation to form the 
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8 
source diffusion region 4201) and drain diffusion region 440. 
In this manner, the overlap of each of source region 420 and 
drain region 440 With the ?oating gate is reduced by the 
thickness of the respective off-set spacers 410a, 410b, thus 
alloWing the draWn cell gate length and the overall cell siZe 
to be reduced. 

In another embodiment (not shoWn) of the FIG. 4 source 
side erase cell approach, after the DDD implant 450 (FIG. 
4a), main spacers are formed adjacent the off-set spacers 
410a, 410b, folloWed by S/D implant 460 as shoWn in FIG. 
4b. This embodiment has the added advantage that the main 
spacer can be used to adjust the distance betWeen the outer 
edge of the DDD region 420a and the outer edge of the inner 
region 4201) to improve source junction breakdoWn. Not that 
the S/D implant 460 may be split into tWo implanting steps 
Whereby a ?rst S/D implant optimiZed speci?cally to form 
the drain region 440 is carried out, and a second S/D implant 
optimiZed speci?cally to form the inner region 4201). 
Although this requires additional masking and processing 
steps, but it alloWs the source junction to be fully indepen 
dently optimiZed for erase as Well as other operations. 

In another embodiment of the source-side erase cell 
approach shoWn in FIGS. 5a and 5b, off-set spacers 510a, 
5101) are formed after source DDD implant 550, but before 
the S/D implant 560. This sequence results in a Wider 
separation betWeen the outer edges of the tWo source regions 
520a and 52019. The Wider separation in turn results in a 
loWer doping gradient, and thus an improved source junction 
breakdoWn and less band-to-band tunneling during cell erase 
operation. In this embodiment, since the source DDD region 
52011 is formed in the absence of an off-set spacer, the 
overlap betWeen the source and the polysilicon stack is 
larger than the FIG. 4 embodiment, thus requiring a longer 
draWn channel length. The S/D implant may be split into a 
?st S/D implant for the drain region 540 and a separate 
second S/D implant for the inner region 5201). This provides 
more ?exibility in forming the tWo source regions 520a, 
520b, and alloWs the source and drain regions to be sepa 
rately optimiZed. 

In yet another embodiment shoWn in FIG. 6, by using a 
masking layer 670, only one off-set spacer 610 (either on the 
drain side or the source side) of the stacked gate can be 
formed, if desired. 
The off-set spacer can also be advantageously used in split 

gate cell structures to reduce the draWn cell gate length, as 
shoWn in FIG. 7. Even though there is a height di?‘erence 
along the tWo side-Walls of the split gate cell structure, the 
same off-set spacer deposition and etch steps Will result in 
formation of off-set spacers 710a and 7101) having similar 
thickness. As such, the extent of the overlap betWeen the 
source 720 and the control gate 730 Will be similar to that 
betWeen the drain 740 and ?oating gate 780. Alternatively, 
by using a mask, as in the FIG. 5 embodiment, only one 
off-set spacer (either on the drain side or the source side) 
may by formed, as needed. 

Next, FIGS. 3ai3d are used to illustrate hoW the off-set 
spacer is advantageously used in a process integrating 
non-volatile memory cell technology and CMOS process. 
Each of FIGS. 3ai3d shoWs cross section vieWs of an array 
cell (the far left structure), a periphery DDD high voltage 
(HV) transistor (the middle structure) and a periphery LDD 
loW voltage (LV) transistor (the far right structure). The 
three cross section vieWs in each ?gure are intended to shoW 
hoW the array cell and periphery transistors are affected in a 
given process step. 

FIG. 3a shoWs a polysilicon stack in the array cell, and 
polysilicon gates in the periphery HV DDD and LV LDD 
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transistors, all formed in accordance With conventional 
processing techniques. Off-set spacers 310 are formed along 
the side-Walls of the polysilicon stack in the array cell and 
the side-Walls of the polysilicon gates of the periphery DDD 
and LDD transistors. After the off-set spacers formation, a 
DDD implant 350 is performed to form DDD junctions 
320a, 34011 for the HV DDD periphery transistor. 

Next, as shoWn in FIG. 3b, after performing the required 
thermal cycles for the DDD regions 320a, 34011, a LDD 
implant 355 is performed to form LDD regions 325a, 32711 
for the LV LDD periphery transistor. Next, as shoWn in FIG. 
30, a source/drain (S/D) implant 317 is carried out for the 
array cell to form the cell source 328 and drain 329 regions. 

Next, as shoWn in FIG. 3d, main oxide spacers 315 are 
formed adjacent the off-set spacers 310 for each of the array 
cell and the periphery DDD and LDD transistors. The main 
spacers in the cell are not necessary, and may be eliminated 
at the expense of a masking step if desired. A S/D implant 
360 is then performed for the periphery DDD and LDD 
transistors to from highly doped regions 320b, 3401) Within 
the respective DDD regions 320a, 340a, and to from highly 
doped regions 325b, 3271) Within the respective LDD 
regions 325a, 32711. A conventional Boron Phosphorous 
Silicon Glass (BPSG) thermal cycle may then be carried out 
to activate all dopings. 

In each of the steps depicted by FIGS. 3ai3d, a masking 
layer may be used to protect areas that are not to receive a 
given implant. For example, in FIG. 3b, a masking layer (not 
shoWn) may be used to protect the memory cell area and 
periphery DDD transistor area from receiving the LDD 
implant 355. 

The process steps depicted in FIGS. 3ai3d result in 
formation of one type of memory cell and periphery DDD 
and LDD transistors depending on the impurities used in the 
implanting steps. NMOS (and/or PMOS) LDD and DDD 
transistors and a N-type (and/or P-type) memory cell are 
formed by using N-type (and/or P-type) impurities in the 
DDD, LDD and S/D implants. As an example, in FIG. 3b, 
NMOS LDD transistors are formed by implanting N' impu 
rities in the NMOS LDD transistor areas While a masking 
layer protects the cell area, the NMOS DDD transistor areas, 
the PMOS DDD transistor areas, and the PMOS IDD 
transistor areas. Similarly, PMOS LDD transistors can be 
formed by implanting P- impurities in the PMOS LDD 
transistor areas While a masking layer covers the memory 
cell area, the NMOS DDD transistor area, the PMOS DDD 
transistor areas, and the NMOS LDD transistor area. 

In an alternate embodiment of the process steps depicted 
in FIGS. 3ai3d, the S/D implant for the array cell and the 
periphery loW and high voltage transistors is performed 
simultaneously. This reduces the number of masking steps 
by one, and eliminates the steps corresponding to the main 
spacer formation, but has the disadvantage of losing the 
?exibility of optimiZing the S/D implant for the array and 
periphery areas independently. Also, eliminating the main 
spacers results in the LDD and DDD junctions being more 
closely spaced to their corresponding S/D junctions. This 
may result in loWer junction breakdoWn voltage. 

The process steps shoWn in FIGS. 3ai3d may be modi?ed 
and/ or their order changed depending on the process/ device 
targets and goals. In one aspect of the invention, assuming 
that the off-set spacer formation step precedes the main 
spacer formation step, and the DDD and LDD implanting 
steps precede the S/D implant step, then at least seven 
different process step permutations are possible, as 
described next. 
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10 
In a ?rst exemplary permutation, off-set spacers are 

formed before the DDD implant, main spacers are formed 
for the cell and the periphery DDD and LDD transistors (or 
only for the DDD and LDD transistors) betWeen the DDD 
implant and the subsequent LDD implant, and the S/D 
implant for the cell and the DDD and LDD transistors is 
performed (simultaneously or separately) after the LDD 
implant. 

In a second exemplary permutation, off-set spacers are 
formed before DDD and LDD implant steps, and main 
spacers are formed for the cell and the DDD and LDD 
transistors (or only for the LDD and DDD transistors) after 
the DDD and LDD implant steps but before the S/ D implant 
for the cell and the periphery transistors. The S/D implant 
may be performed simultaneously or separately for the cell 
and periphery transistors. 
A third exemplary permutation corresponds to the process 

steps shoWn in FIGS. 3ai3d 
In a fourth exemplary permutation, off-set spacers are 

formed betWeen the DDD implant and the subsequent LDD 
implant, and main spacers are formed for the cell and the 
DDD and LDD transistors (or only for the LDD transistor) 
betWeen the LDD implant and the subsequent S/D implant 
for the cell and the periphery transistors. As in previous 
permutations, the S/D implant may be performed simulta 
neously or separately for the cell and periphery transistors. 

In a ?fth exemplary permutation, off-set spacers are 
formed betWeen the DDD implant and the subsequent LDD 
and cell S/D implant, and main spacers are formed for the 
cell and the DDD and LDD transistors (or only for the LDD 
transistor) after LDD and cell S/D implant but before the 
periphery S/D implant. 

In a sixth exemplary permutation, off-set spacers are 
formed after the DDD and LDD implant steps but before the 
cell S/D implant, and main spacers are formed for the cell 
and the DDD and LDD transistors (or eliminated all 
together) after the cell S/D implant but before the periphery 
S/D implant. 

In a seventh exemplary permutation, off-set spacers are 
formed after the DDD and LDD implant steps but before the 
S/D implant for the cell and periphery transistors, and the 
S/D implant for the cell and periphery DDD and LDD 
transistors are performed simultaneously after the off-set 
spacer formation. 

Process step permutations, other than those describe 
above, can also be envisioned by one skilled in the art in 
light of the description provided herein. For example, in the 
above process permutations, the off-set spacers for the cell 
and the LDD and DD transistors are formed at the same 
time. If speci?c requirements for the transistors Warrant it, 
the off-set spacers can be formed separately for each of the 
array cells, LDD transistors, and DDD transistors. HoWever, 
each additional off-set spacer requires a separate set of 
processing and potentially masking steps, e.g., spacer oxide 
deposition, a masking step to expose only the cell area or the 
DDD or LDD transistor areas, and a spacer etch, thus 
increasing the process cost. 

Although the CMOS portion of the integrated process 
described above includes DDD and LDD transistors, modi 
fying this process to eliminate one or both of the LDD and 
DDD type transistors, or to include other types of MOS 
transistors, Would be readily apparent to one skilled in the art 
in light of the description provided herein. 

Similarly, although the cell portion of the integrated 
process described above corresponds to a symmetrical stack 
gate cell, modifying the process to implement other types of 
memory cells Would be obvious to one skilled in the art in 



US 7,202,134 B2 
11 

light of the description provided herein. For example, in the 
case of the asymmetrical source-side erase cell Which has a 
DDD source region, the steps corresponding to FIG. 311 can 
be modi?ed so that the DDD implant 350 is also provided 
for the cell to form the DDD source region of the cell. 
Alternatively, to enable independent optimiZation of the cell 
and the periphery DDD transistor, a cell DDD implant, 
independent of the periphery DDD implant, can be added to 
the process steps at the expense of additional masking and 
processing steps. The other process permutations and varia 
tions described above can be similarly modi?ed to enable 
implementation of a source-side erase cell or other types of 
cells. 

In the above-described process and device structure 
embodiments and their variations, the olf-set-spacer may 
have been referred to as an oxide spacer, hoWever, the 
invention is not limited as such. The off-set spacer may 
instead be oxynitride (i.e., oxide containing certain amount 
of nitrogen), or a composite oxide-nitride, or a composite 
oxide-nitride-oxide. In one embodiment, an off-set oxide 
nitride spacer is formed by ?rst forming a high temperature 
oxide (HTO) layer having a thickness in the range of 2(L100 
A, folloWed by forming a nitride layer having a thickness in 
the range of 100500 A over the HTO layer, in accordance 
With conventional techniques. In a subsequent step, both the 
oxide and nitride layers are etched to form oxide-nitride 
off-set spacers, or alternatively, only the nitride layer is 
etched to form nitride spacers adjacent the oxide layer along 
the side-Walls of the memory cell and/or periphery transis 
tors, such that the subsequent S/D implant is carried out 
through the oxide layer. In the latter case, to obtain the 
proper junction characteristics, the S/D implant energy and 
dose need to be properly adjusted based on the combined 
thickness of the off-set oxide layer and any screening 
(residual) oxide layer(s) present from prior processing steps. 

For memory cells, the advantage of an off-set oxide 
nitride spacer is that the oxide layer ensures better charge 
retention characteristics While the nitride layer serves as a 
natural spacer and polysilicon gate stack protector from 
subsequent etch steps such as self-aligned contact (SAC) 
etch. 

In the different embodiments described above, many 
types of impurities are available for the different implant 
steps. As an example, in forming NMOS transistors and 
N-type memory cells, the N- impurities used during the 
LDD and DDD implants may be phosphorous, and the N+ 
implant used during the S/ D implant may be arsenic; and in 
forming PMOS transistors and P-type memory cells, the P 
impurities used during the LDD and DDD implants may be 
boron, and the P+ impurities used during the S/D implant 
may be the heavier boron atom B132. 

In the ?gures, the highly doped inner region of the LDD 
and DDD regions is shoWn not to overlap the gate electrode 
or the ?oating gate, hoWever, the invention is not limited as 
such. Depending on the thickensses of the off-set and main 
spacers and the thermal cycle(s) folloWing the implant 
step(s), the inner regions may or may not overlap the gate 
electrode or the ?oating gate. 

The above-mentioned inverse relationship betWeen the 
amount of overlap (e.g., betWeen gate and S/D) and the 
off-set spacer thickness may or may not be linear depending 
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on the process parameters and targets. Similarly, the above 
mentioned distance betWeen the outer edge of each of the 
LDD and DDD regions and the outer edge of their corre 
sponding inner region may or may not be linearly dependent 
on the thickness of the off-set or main spacers. 

In accordance With the present invention, a means for 
dramatic scaling of the channel length is provided such that 
high performance MOS transistors and memory cell struc 
tures With extremely small gate feature and overall siZe that 
exhibit robust program/erase ef?ciency and read speed, and 
enable loW operating voltages, can be manufactured. 
The above description is illustrative and not restrictive. 

For example, the above process parameters, such as the 
indicated thicknesses, doping concentrations and energies 
are merely illustrative. The scope of the invention should, 
therefore, be determined not With reference to the above 
description, but instead should be determined With reference 
to the appended claims along With their full scope of 
equivalents. 
What is claimed is: 
1. A method of forming semiconductor transistors, com 

prising: 
forrning a gate electrode over but insulated from a semi 

conductor body region for each of ?rst and second 
transistors; 

performing a DDD implant to from DDD source and 
DDD drain regions in the body region for the ?rst 
transistor; 

after said DDD implant, forming off-set spacers along 
side-Walls of the gate electrode of each of the ?rst and 
second transistors; 

after forming said off-set spacers, performing a LDD 
implant to from LDD source and LDD drain regions in 
the body region for the second transistor; 

after said LDD implant, forming main spacers adjacent 
the off-set spacers of at least the second transistor; and 

after forming the main spacers, performing a source/drain 
(S/D) implant to form a highly doped region Within 
each of the DDD drain and source regions and the LDD 
drain and source regions, the highly doped regions 
being of the same conductivity type as and having a 
doping concentration greater than the DDD and LDD 
regions. 

2. The method of claim 1 Wherein, 
the extent of an overlap betWeen the gate electrode of the 

second transistor and each of the LDD source and LDD 
drain regions is inversely dependent on a thickness of 
the off-set spacers, and 

a distance betWeen an outer edge of each of the LDD 
source and LDD drain regions and an outer edge of the 
corresponding highly doped region Within each of the 
LDD source and LDD drain regions is directly depen 
dent on a thickness of the main spacers. 

3. The method of claim 1 Wherein the off-set spacers are 
from oxide or oxynitride. 

4. The method of claim 1 Wherein thicker off-set spacers 
result in smaller overlap betWeen the ?rst gate electrode and 
each of the LDD source and drain regions of the second 
transistor. 


